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DGYDQFHPHQWLQVLOLFRQEDVHG9/6,GHVLJQRSWLPL]DWLRQRISK\VLFDOOD\RXWDQGSRZHUFRQVXPSWLRQRIVLOLFRQFKLSV
7KH OLPLWLQJ IDFWRUV WKDW DIIHFW GRZQ VFDOLQJ RI FKLS VL]H DUH VXSHUSRVLWLRQ GLVWXUEDQFH QRQFORQDELOLW\ DQG
XQFHUWDLQW\6RRQH LVDOZD\V LQDFRQVWDQWVHDUFKIRUDOWHUQDWLYH WHFKQRORJLHV WRGHVLJQDQGGHYHORSHYHUZDQWHG
GRZQVFDOHVLOLFRQFKLSV 0LFKDHO%XWWV HWDO LQWKHLUZRUN 1DQRWHFKQRORJ\DQG0LFUR(OHFWUR0HFKDQLFDO
6\VWHPV0(06DUHUHFHQW QRQFRQYHQWLRQDO WHFKQRORJLHVWKDWKDYHOHDGWRWKHGHVLJQDQGIDEULFDWLRQRISURWRW\SH
1DQRHOHFWURQLFGHYLFHVWUXFWXUHVZKLFKKDGDSSDUHQWO\VDWLVILHGWRFHUWDLQH[WHQWWKH UHTXLUHPHQWRIRYHUFRPLQJWKH
OLPLWDWLRQVDVVWDWHG DERYH
7KHSK\VLFLVW5LFKDUG)H\QPDQZDVRQHRIWKHILUVWWRSUHGLFWDIXWXUHPROHFXODUVFDOHHOHFWURQLFVLQDOHFWXUHLQ
'HFHPEHUDWWKHDQQXDOPHHWLQJRIWKH$PHULFDQ3K\VLFDOVRFLHW\³7KHUH¶VSOHQW\RI5RRPDWWKH%RWWRP´
0ROHFXODU HOHFWURQLFV LV D UHODWLYHO\ QHZ DQG HPHUJLQJ WHFKQRORJ\ UHODWLQJ WR WKH H[SORLWDWLRQ RI RUJDQLF DQG
ELRORJLFDOPDWHULDOV LQHOHFWURQLFDQGRSWRHOHFWURQLF GHYLFHV 0DUN$ 5HHG 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EHKDYLRURILQGLYLGXDORUJDQLFPROHFXOHVRUJURXSRIPROHFXOHV
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7DEOH  )HUPLHQHUJ\OHYHOVRIGLIIHUHQWPHWDOV
0HWDO /L 1D . 5E &V &X $J 0J
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2QWKHEDVLVRI]RQHWKHRU\VROLGVJURXSHGLQWRWKUHHFDWHJRULHVDFRQGXFWRUVELQVXODWRUVFVHPLFRQGXFWRUV,Q
PHWDOV HOHFWURQV RFFXSDWLRQUHSUHVHQWHGLQ]RQHDQG]RQHVKRZQLQ ILJD EHWZHHQ WKH]RQHVKDYHVPDOOHQHUJ\
JDSE\DSSO\LQJWKHH[WHUQDOHOHFWULFILHOG]RQHRYHUODSZLWK]RQHWKHUHLVXQILOOHGVWDWHVDWHQHUJ\OHYHOVVOLJKWO\
KLJKHUWKDQWKHKLJKHVWHQHUJ\RIILOOHGVWDWHVFDQEHDSSO\LQJWKHH[WHUQDOILHOGHOHFWURQFDQEHPRYHG VKRZQLQILJ
G,QWKHVHFRQGFDVHRIVROLGV]RQHVKDYHODUJHHQHUJ\JDSEHWZHHQ]RQHVDSSO\LQJRIH[WHUQDOILHOGWKHUHLVQR
HOHFWURQPRYHPHQW IURP]RQH WR ]RQH WKHVH DUH FDOOHG LQVXODWRUV REVHUYHG LQ ILJF ,Q WKLUG FDVHRI VROLGV
VKRZQLQ ILJF EHWZHHQ WZR]RQHVVPDOOHQHUJ\JDS WKHUH LVQRHOHFWURQ MXPS IURP]RQH WR]RQHZKLFK LV
HPSW\ DW DEVROXWH ]HUR WHPSHUDWXUH ZKHQ VXUURXQGLQJ WHPSHUDWXUH RI VROLG UDLVHV DVVXPH WR URRP WHPSHUDWXUH
HOHFWURQVDFTXLUHVXIILFLHQWWKHUPDOHQHUJ\DQG MXPSWR]RQHE\SODFLQJRIWKLVVROLGLQHOHFWULFILHOGIURPH[WHUQDO
HOHFWURQVPRYH]RQHWR]RQHWKLVVROLGQDPHDVDVHPLFRQGXFWRUV$W NVHPLFRQGXFWRUVDFWDVDLQVXODWRU7KH
HQHUJ\EDQGVWUXFWXUHRIPHWDOVGHSLFWHGLQILJ
)LJ %ULOORXLQ]RQHVRIFRQGXFWRUV,QVXODWRUVDQGVHPLFRQGXFWRUV
)LJ(QHUJ\%DQGVWUXFWXUH RIPHWDOV
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 7\SHV2I 0ROHFXODU 0DWHULDOVIRU (OHFWULFDO&RQGXFWLRQ
7ZR W\SHV RI PROHFXODU PDWHULDOV DYDLODEOH LQ QDWXUH WR SDVV HOHFWURQV L 3RO\SKHQ\OHQHEDVHG FKDLQV LL
&DUERQ 1DQRWXEHV DSDUWIURPDERYHWKLUGFDWHJRU\RIPDWHULDOLQYROYLQJELRPROHFXOHVVXFKDV'1$
L 3RO\SKHQ\OHQHEDVHGPROHFXODUFKDLQV3RO\SKHQ\OHQHEDVHGPROHFXODUFRQGXFWRUV	,QVXODWRUVLQYROYHVFKDLQV
RIDURPDWLFEHQ]HQH ULQJV VKRZQ LQ ILJD +RZHYHUDIWHUQXPEHURIH[SHULPHQWVFRQGXFWHG ILQDOO\FRQFOXGHG
WKDW VPDOO DPRXQWRI FXUUHQW SDVVLQJ LQ WKH FKDLQV0RWLYDWHGE\ H[SHULPHQWDO OLWHUDWXUH IURP'DWWD HW DO 
5DWQHU HWDO  LQWKHLUVWXG\ EHJLQWR DTXDOLWDWLYHIRUPXODVDQGSURYHGWKDWHOHFWURQVIORZLQWKHPROHFXODU
FKDLQVLQWKHRUGHURIQDQRDPSHUV
L 3RO\SKHQ\OHQHEDVHG FKDLQV 3RO\SKHQ\OHQH FKDLQV DFW DV D FRQGXFWRUV  DQG LQVXODWRUV DFFRUGLQJ WR RXU
UHTXLUHPHQW VHOHFWLRQ RI WKH EHQ]HQH ULQJV ZLWK DGG RU UHPRYH RI WKH K\GURJHQ DWRP ,QGLYLGXDO EHQ]HQH ULQJV
FKHPLFDOIRUPXOD&+ E\UHPRYLQJRIRQHK\GURJHQDWRP&+ LVERQGHGLQWRDJURXSRIFKDLQVLVREVHUYHGLQ ILJ
E VXFKJURXSLVWHUPHGDV³SKHQ\OJURXS´WUDLQWKDWDOVRUHPRYHGDQRWKHU K\GUR]HQDWRP&+ RU³SKHQ\OHQH´D
ULQJZKLFKKDVWZRIUHHELQGLQJVLWHVVKRZQLQ ILJF %\JURXSLQJRI³SRO\SKHQ\OHQH´ULQJVIRUPHGDVGLIIHUHQW
VKDSHVDQGOHQJWKVH[DPSOHVLQJOHERQGHGDOLSKDWLFJURXSVGRXEO\ERQGHG HWKDQH JURXSDQGWULSO\ERQGHGHWK\Q\O
RU DFHW\OHQH JURXSV VKRZQ LQ ILJ G $6 0DUWLQ HW DO  LQ KLV VWXG\ 0ROHFXOHV VXFK DV EHQ]HQH DQG
SRO\SKHQ\OHQHV ZKLFK LQFRUSRUDWHV EHQ]HQH DQG SRO\SKHQ\OHQHV ZKLFK LQFRUSRUDWHV EHQ]HQH OLNH ULQJ VWUXFWXUHV
KDYH FRPSRQHQWVQDPHDV³DURPDWLF´ 0DUN7%RKU LQKLVZRUN 6HOHFWLQJWKHSRO\SKHQ\OHQHFKDLQDURXQG
ZKLFKDUHDUUDQJHG LQD1DQRPHWHUVFDOHSRUHDQGDGVRUEHG WRPHWDOFRQWDFWVRQDQRWKHUHQG LGHQWLILHGE\
DSSO\LQJRIPLFURDPSHUHVZKLFKLV FRQYHUWHGLQWRDQDQRDPSHUHVRIFXUUHQWSDVVLQJWKURXJKHDFKPROHFXOH
&RUUHVSRQGVWRDSSUR[LPDWHO\WR ELOOLRQ HOHFWURQV SHUVHFRQGEHLQJWUDQVPLWWHGDFURVVHDFKPROHFXODUZLUH
DQGUHDPLQJFXUUHQWGHWDLOVVKRZQLQ7DEOH
)LJ0ROHFXODUFRQGXFWRUVDQGDOLSKDWLFPROHFXODULQVXODWRUV
7DEOH $SSUR[LPDWH&XUUHQW'HQVLWLHV LQ(OHFWURQVSHUVHFRQGSHUVTXDUH1DQRPHWHUFDOFXODWHGIURP([SHULPHQWDO'DWD
IRU6HOHFWHG 0ROHFXODU(OHFWURQLF DQG0DFURVFRSLF0HWDOGHYLFHV
1DPH RI WKH
3DUDPHWHU
WR'LWKLRO
%HQ]HQH
5LQJ
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1DQRWXEH
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9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)LJ 6FKHPDWLFGLDJUDPVRIWKHFKHPLFDOVWUXFWXUHVDQGWKHPROHFXODURUELWDOVWUXFWXUHVIRU%HQ]HQHDQGIRUSRO\SKHQ\OHQHPROHFXOH
7KHPDLQ ORFDWLRQRIFRQGXFWLYLW\ IRUDSRO\SKHQ\OHQH ZLUH LVDVHWRI W\SHRUELWDOV OLHV LQEHORZRUDERYH WKH
SODQH ,Q ILJE REVHUYHGRXWRISODQHRI RUELWDOFRQMXJDWHGDERYHVSDQV+LJKHQHUJ\ RUELWDOVFRQVLVWVRID
QRGDOSODQHVSHUSHQGLFXODUWRD[LVRIDZLUHOLNHPROHFXOH2QHRUPRUHXQRFFXSLHGRUELWDOVDFWVDVD³FKDQQHO´WKDW
DOORZV PRYHPHQW HOHFWURQV 8Q RFFXSLHG RUELWDOV KDYH HQHUJ\ PDLQO\ UHVSRQVLEOH IRU WKH FRQGXFWLRQ WKURXJK
SRO\SKHQH\OHQH EDVHGPROHFXODU ZLUHV DQG VXJJHVWLEOH SDWKZD\ IRU HOHFWURQ WUDQVSRUW L ,W FDQ EH EURXJKW LQWR
HQHUJHWLF FRLQFLGHQFHPRUH HDVLO\ KDYH ORZHU HQHUJ\RUELWDOV LL D ORZHU HQHUJ\ XQRFFXSLHGRUELWDOPRUH VWDEOH
SDWKZD\IRUDFRQGXFWLRQRIHOHFWURQV
LL&DUERQ1DQRWXEHV 7KLV LVJHQHUDOO\DYDLODEOH LQ WKH IRUPRI IXOOHUHQH WXEHRUEXFN\ WXEH ./.RPSD HWDO
 LQ WKHLUZRUN WKLV W\SHRI VWUXFWXUHFDQPDNHDQ H[WUHPHO\FRQGXFWLYHZLUHDQGFDQEHXVHG IRUHOHFWULFDO
VZLWFKLQJ SURSHUWLHV 7KH FDUERQ QDQRWXEH EDVLFDOO\PDGH IURP FDUERQ DOORWURSH VXFK DV GLDPRQGZLWK FRYDOHQW
ERQGLQJZLWKVSK\EULGL]HGRUELWDOJUDSKLWHZLWKVSK\EULGL]HGRUELWDODQG FDUELQH ZLWK VSK\EULGL]HGRUELWDO
)XOOHUHQHLVWKHFDUERQPDWHULDORIVSKHUHVWUXFWXUHFRPSRVHGRIDFRPELQDWLRQRISHQWDJRQDOULQJVDQGKH[DJRQDO
ULQJVRIFDUERQDWRPLFVDQGLWLVFKLUDO1DQRWXEHLVFDUERQ ILEUHV FRPSRVHGRIPXOWLOD\HUV7KHGLDPHWHURILQQHU
WXEHLVVHYHUDO QDQRPHWUHVDQGWKDWRIWKHRXWHUWXEHLVVHYHUDOWHQVRI QDQRPHWUH7KHUHDUH6LQJOH:DOOHG&DUERQ
1DQRWXEHV 6:&17V DQG 0XOWL:DOOHG &DUERQ 1DQRWXEHV 0:&17V ZKLFK DUH IRUPHG ZLWK D VKHHW RI
JUDSKHPH DQG VHYHUDO VKHHWV RI JUDSKHPHV UHVSHFWLYHO\ 7KH VWUXFWXUH RI FDUERQ QDQRWXEH LV LGHQWLILHG LQ WKUHH
SDUDPHWHUV VXFKDVGLDPHWHU FKLUDO DQJOH WZLVW DQJOHDQGVSLUDOGLUHFWLRQ7KHGHYHORSPHQWRIFDUERQQDQRWXEH
ORJLF DUFKLWHFWXUH LV UHODWLYHO\ LQHUW FKHPLFDOO\ DQG FKHPLVWU\ RI FDUERQ QDQRWXEH LV VR LPPDWXUH 7KHVH
FRPSOH[LWLHVRIPDNLQJEUDQFKHGVWUXFWXUHOHDGWKHPROHFXODUHOHFWURQLFFRPPXQLW\WRPDNHSORSKHQ\OHQHVDVWKH
IOH[LEOH UHDFWLRQ FKHPLVWU\ WR PDNH GHVLUHG VWUXFWXUH WKRXJK LW LV QRW PRVW FRQGXFWLYH DV FRPSDUHG WR FDUERQ
QDQRWXEH
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)LJ&DUERQ1DQRWXEH6WUXFWXUH
 3DUDEOHRI&XUUHQWWUDQVSRUWDWLRQLQ0ROHFXODUPDWHULDO
4XDQWXPPHFKDQLFDOWKHRU\RIHOHFWURQPRYHPHQWVKRZVWKHHOHFWULFILHOGDVDRQHFDXVHDQGFXUUHQWDVWKHUHSO\
ZKLFK LV GLVFXVVHG LQ NXER¶V OLQHDU UHVSRQVH WKHRU\ ,Q WKLV WKHRU\ QRW FRQVLGHUHG DERXW WKH RXWHU VLGH HOHFWULF
FLUFXLWV ,Q PLFURVFRSLF  SK\VLFV GLVFXVVHG DQRWKHU ZD\ YLHZ SDVVLQJ WUDQVSRUW RI HOHFWURQ PRYHPHQW RQ WKH
ERXQGDULHV RI VXUIDFH  ZLWK LQ VDPSOH UHVXOWV IURP WKH QRQHTXLOLEULXP FKDUJH WUDQVSRUW FDUULHUV )RU VPDOO
FRQGXFWLRQV\VWHPVZKHUHWKHFDUULHUKDYHDTXDQWXPPHFKDQLFDOLPPLQHQWLQVLGHWKHVDPSOHWKLVRQHGLVFXVVHG
DV/DQGDXHUWKHRU\ZKHUHWUDQVSRUWRIHOHFWURQREVHUYHGVLPLODUWR HOHFWURPDJQHWLFZDYHSURSDJDWLRQLQDQRSWLFDO
ZDYHJXLGH
7KH WUDQVPLVVLRQ SURVSHFW LV  HVVHQWLDOO\ LQIHUUHG RI WKH FLUFXLW WKHRU\ FLUFXLW WHUPLQDOV DGGUHVVHG IRU VRXUFH RI
FXUUHQWFDUULHUVVLPLODUWRDYROWDJHRUDFXUUHQWQRGHLQDFODVVLFDOHOHFWULFDOFLUFXLW&RUUHVSRQGLQJO\ILQLWHOHQJWK
RI VKRUW PDWHULDO QRW KDYH D XQLTXH FRQGXFWDQFH DQG LWV FRQGXFWDQFH SURSHUW\ YDULHV KRZ WKH FXUUHQW VRXUFH LV
LQWURGXFHG ,Q ILJ D REVHUYHG LW LV D VLPSOH H[SHULPHQWDO VHWXS KRZ FXUUHQW SDVVHV 7KH WHUPLQDO DUH XVXDOO\
PLFURVFRSLFODUJHEXW PDFURVFRSLFVPDOOFRQWDFWSDGVFRQQHFWHGDWWKHHGJHVDQGODUJHEDWWHU\VXSSO\WKURXJKOHDGV
WKRVH DUH WUDQVPLVVLRQ OLQHV ZLWK LQKHUHQW RU VFDWWHUHG UHVLVWDQFH FDSDFLWDQFH DQG LQGXFWDQFH VR RQ EHFDXVH RI
VHOHFWHGHOHFWURGHVDUHODUJHVL]HFRPSDUHGWRWKHPROHFXOHVVL]HWKHPROHFXODUGHYLFHFDQEHFRQVLGHUHGDVIRUPLQJ
DQDGLDEDWLFH[WHQGLQJFRQWDFW WR WKHHOHFWURGHV7KHH[WHQGHGFRQWDFWKDVDDGYDQWDJH WDNH LWDJRRGHVWLPDWH WR
FRQVLGHUWKHHOHFWURGHVDVWKHUPDOHOHFWURQWDQNLQPROHFXODUHOHFWURQLFV PHDVXUHPHQW
,Q ILJE VKRZQWKDWWZRWDQNVDUHSODFHGLQRSSRVLWHIDVKLRQDUHWKHHOHFWURQLFVRXUFHVRIWKHUDGLDWLYHEODFNERG\
WKH\ DEVRUE WKH LQFLGHQW FDUULHUV ZLWKRXW RSSRVLWLRQ DQG WKH\ HPLW FDUULHUV ZLWK D QHXWUDOL]LQJ WKH HTXLOLEULXP
FRQGLWLRQ7KH\DUHGHILQHGDVHIIHFWLYH)HUPL OHYHORIHQHUJ\GLVWULEXWLRQRUHIIHFWLYHHOHFWURFKHPLFDOSRWHQWLDO
7KH FRQGXFWDQFH RI WKHPROHFXODU GHYLFH REVHUYHG WKDWZKHUH WKH HIIHFWLYH OHYHO LV REVHUYHG ,W LV FOHDU WKDW WKH
HOHFWURFKHPLFDOSRWHQWLDOFDOFXODWLRQLVVXIILFLHQWWRREVHUYHWKHFXUUHQWPHDVXUHPHQWDVQHHGQRWQHFHVVDU\RIWKH
DSSOLHGYROWDJHZKLFKLVJHQHUDWHGIURPWKHEDWWHU\ZKLFKLQFOXGHVWKHH[WHUQDOYROWDJHGURSLVLQFOXGHGGXHWRWKH
OHDGWHUPLQDOV,QWKHFDVHRIVHPLFRQGXFWRUPDWHULDOV OLNH6L*HWKHHOHFWURGHVLWDOVRLQFOXGHVDQ\SRWHQWLDOGURS
DFURVVWKHVSDFHFKDUJHUHJLRQGXHWRVXUIDFHGRSDQWRUGLVFRQWLQXLW\DZD\IURPWKHPROHFXOHHOHFWURGHLQWHUIDFH
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)LJ 6FKHPDWLFLOOXVWUDWLRQRIDWZRWHUPLQDOVLQJOHPROHFXOHGHYLFH
,QDERYHGLVFXVVLRQKRZHOHFWURQIORZ LQ WKHPROHFXODUPDWHULDO ,Q WKDW VDPHPDWHULDO VPDOODPRXQWRIDOLSKDWLF
PDWHULDO SODFHGEHWZHHQ WKH SRO\SKHQ\OHQHPDWHULDO GXH WR WKLV EDUULHU LV IRUPHG WKLV EDUULHU RSSRVH WKH IORZRI
HOHFWURQV,IWKHVL]HRIDOLSKDWLFPDWHULDOLQFUHDVHVLWRSSRVHWKHPRUHQXPEHURIHOHFWURQVVLPLODUWRFDUERQPDWHULDO
LQHOHFWULFDOUHVLVWRU
 0ROHFXODUVZLWFKLQJGLRGH&ODVVLILFDWLRQDQG&KDUDFWHULVWLFV
%URDGO\ PROHFXODU GLRGHV DUH FODVVLILHG LQ WZR FDWHJRULHV L0ROHFXODU 5HFWLI\LQJ GLRGH LL 5HVRQDQW WXQQHOOLQJ
GLRGH
L0ROHFXODU5HFWLI\LQJGLRGH 5HFWLI\LQJGLRGHZRUNVDV DFXUUHQWDOORZV LQRQHGLUHFWLRQRI WKHGHYLFHDFWDVD
FRQGXFWRULQRSSRVLWHGLUHFWLRQ GLRGHDFWDVDLQVXODWRULWGRHVQRWDOORZVDFXUUHQW6KRZQLQ ILJD V\PERORI
GLRGH ILJE VKRZVLGHDOFKDUDFWHULVWLFV ILJF VKRZVSUDFWLFDOGLRGHFKDUDFWHULVWLFV7KLVW\SHFKDUDFWHULVWLFV
FDQEHJHQHUDWHGE\XVLQJ6L*HVHPLFRQGXFWRUGLRGHV
)LJ5HFW\I\LQJGLRGH6\PERO,GHDOFKDUDFWHULVWLFVDQGSUDFWLFDOFKDUDFWHULVWLFV
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)LJ  0ROHFXODU 6WUXFWXUH 6FKHPDWLF RI DSSDUDWXV DQG HOHFWULFDO EHKDYLRU LQ H[SHULPHQW E\0HW]HU HWDO GHPRQVWUDWLQJ PROHFXODU
UHFWLILFDWLRQLQD/DQJPXLU%ORGJHWWILOP
$YLUDP DQG 5DWQHU  H[SODLQHG UHFWLI\LQJ GLRGHV DQG WKH DQFHVWU\  RI PROHFXODU HOHFWURQLFV
5HFWLI\LQJGLRGHDVD WRSLFZULWWHQ WKH ILUVWSDSHU WLWOHG³0ROHFXODU UHFWLILHUV´ ,Q WKLV SDSHUH[SODLQHGDERXW WKH
PROHFXODU GLRGH FKDUDFWHULVWLFV VLPLODU WR FRQYHQWLRQDO GLRGH $YLUDP DQG 5DWQHU SURSRVHG DQG WKHRUHWLFDO
VSHFLILFDWLRQ IRU WKH VWUXFWXUHDQG  IXQFWLRQRIDPROHFXODU UHFWLI\LQJGLRGHZDVPDGHDTXDUWHUFHQWXU\DJRDQG
WKHUHKDYHEHHQDQXPEHURIH[SHULPHQWDOHIIRUWV WRGHPRQVWUDWHDPROHFXOHZLWKVXFKHOHFWULFDOSURSHUWLHV LQ WKH
VWHSSLQJLQ\HDUV%XLOGLQJRQDQHDUOLHUH[SHULPHQWDOGHPRQVWUDWLRQE\0DUWLQ HWDO   WZRVHSDUDWHJURXSV
RQHOHGE\0HW]HU DWWKH XQLYHUVLW\RI$ODEDPDDQGDQRWKHU OHGE\5HHGDW <DOHXQLYHUVLW\GHPRQVWUDWHG
PROHFXODUUHFWLILHUVLQLQGHSHQGHQWH[SHULPHQWV
)LJ([SHULPHQWE\5HHGDQGKLV FROODERUDWRUV GHPRQVWUDWLQJPROHFXODUUHFWLILFDWLRQLQDPRQROD\HURI7RXUZLUH
7KHPROHFXODUVWUXFWXUHDUHVKRZQLQ ILJD	ILJE  )LJD VKRZVWKH0HO]HU¶VH[SHULPHQWDOVHWXSREVHUYH
WKH,9FKDUDFWHULVWLFVYROWDJHLQFUHDVHXSWRYROWVQRFXUUHQWIORZVDERYHYFXUUHQWVWDUWVWRIORZLQGLFDWHVIORZ
RIHOHFWURQVLQWKHPROHFXOH,Q ILJD VKRZV5HHGH[SHULPHQWVHWXSKHUHWZR$XOHDGVWDNHQEHWZHHQHOHFWURGHV
EHQ]HQH ULQJV SODFHG DW WRS HOHFWURGH FXUUHQW  SDVVHV REVHUYHG DW WKH ERWWRP HOHFWURGH 1DQR DPSHUH FXUUHQW
UHFHLYHG )LJE LQFKDUDFWHULVWLFGLDJUDPV VLPLODU WRVROLGVWDWHGLRGHFKDUDFWHULVWLFV
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LL 0ROHFXODU 5HVRQDQW WXQQHOOLQJ GLRGH 57' 0ROHFXODU UHVRQDQW WXQQHOOLQJ GLRGH DFFRUGLQJ WR TXDQWXP
PHFKDQLFVWKHRU\HOHFWURQVUHVWULFWHGDWWKHEDUULHUSODFHHQKDQFHWKHHQHUJLHVRIHOHFWURQWRDERXQGHGQXPEHURI
GLVFUHWHTXDQWL]HGOHYHOVLQFRPLQJHOHFWURQVZLWKNLQHWLFHQHUJ\WKDWGLIIHUIURPXQRFFXSLHGHQHUJ\OHYHOVDYDLODEOH
LQVLGHWKHSRWHQWLDOZHOORQWKHLVODQGWKHQFXUUHQWGRVQRWIORZLQGLFDWHV57'LQ2))FRQGLWLRQ,QFDVHVXSSOLHG
YROWDJH GXH WR WKLV LQFRPLQJ HOHFWURQV NLQHWLF HQHUJ\ OHYHOV RQH RI WKH LVODQGV HQHUJ\ OHYHOV WKH HQHUJ\ RI WKH
HOHFWURQVRXWVLGH WKHZHOOLV ³LQUHVRQDQFH´ ZLWKWKHDOORZHGHQHUJ\LQVLGHWKHZHOO,QWKLVFDVHWKHELDVLVVXFKWKDW
WKHHQHUJ\OHYHOLQVLGHWKHZHOODOVRLVLQUHVRQDQFHZLWKRQHRIWKHPDQ\XQRFFXSLHGHQHUJ\OHYHOVLQWKHUHJLRQWR
WKHULJKWRILWWKHHOHFWURQVIORZ WKURXJKWKH GHYLFHIURP OHIWWRULJKW
 &RQFOXVLRQ
7KHUH LV JUHDW SURPLVH WR PROHFXODU HOHFWURQLFV HOHFWURQLFV FRPSRQHQWV DUH VPDOOHU IDVWHU HIILFLHQW IOH[LEOH
ZRUNLQJ FRQGLWLRQ FRPSDUH WR FRQYHQWLRQDO GHYLFHV (OHFWURQLF GHYLFHV PDQXIDFWXULQJ VKULQNLQJ WRZDUGV PLFUR
VFDOHDWFHUWDLQ OLPLWHGFRQGLWLRQVDQGREH\VWKH0RUVHODZZKHUHDVPROHFXODUHOHFWURQLFGHYLFHILQDOVROXWLRQRI
HOHFWURQLFVWRPLQLDWXUHLQVL]HRI 1DQR VFDOHEXWXQGHUVWDQGLQJRIGHYLFHVLQYROYLQJHOHFWURQLFVPDWHULDOVFLHQFH
SK\VLFVDQGFKHPLVWU\W\SLFDOWRXQGHUVWDQGRILQWHUGLVFLSOLQDU\VXEMHFWIDFHVPDQ\UHVHDUFKHUV
$FNQRZOHGJPHQW
7KH $XWKRU ZRXOG OLNH WR WKDQN -178$ $QDQWKDSXUDPX DQG *XGODYDOOHUX (QJLQHHULQJ &ROOHJH *XGODYDOOHUX
0U<5DPDNULVKDQ 0U $3KDQL .XPDU 0U.9HQXJRSDO0U96XUHVK.XPDU0U66XUHVK.XPDU   SURYLGHG
ZULWHWKLVSDSHULQSXWVDQGXVHIXOGLVFXVVLRQ
5HIHUHQFHV
0DUN$5HHG  ³0ROHFXODUVFDOH(OHFWURQLFV´ 3URFHHGLQJVRIWKH,(((9RO1R
-DPHV&HOOHQERJHQ -&KULVWRSKHU/RYH  ³$UFKLWHFWXUHVIRUPROHFXODUHOHFWURQLFVFRPSXWHUV/RJLFVWUXFWXUHVDQGDQDGGHU
GHVLJQHGIURPPROHFXODUHOHFWURQLFGLRGHV´3URFHHGLQJVRIWKH,(((
./.RPSDDQG5'/HYLQH  ³$PROHFXODUORJLF JDWH´31$69RO
6ROUDWHV73DQWHOLGHV0DVVLPLOLDQR'L9HQWUD1RUWRQ'/DQJDQG6HUJH\15DVKNHHY ³0ROHFXODU(OHFWURQLFVE\WKH1XPEHUV³
,(((7UDQVDFWLRQVRQ1DQRWHFKQRORJ\9RO1R
-DPHV07RXU:LOOLDPV  9DQ=DQGW&KULVWRSKHU3+XVEDQG6XPPHU0+XVEDQG/DXUHQV:LOVRQ3DXO'IUDQ]RQDQG'DYLG3
1DFNDVKL  ³1DQRFHOO/RJLF*DWHVIRUPROHFXODU&RPSXWLQJ´,(((7UDQVDDFWLRQVRQ 1DQRWHFKQRORJ\9ROQR 
0LFKDHO%XWWV$GUH'H+RQVHWK&RSHQ*ROGVWHLQ  ³ 0ROHFXODU(OHFWURQLFV'HYLFHV6\VWHPVDQG7RROVIRU*LJDJDWH*LJD&KLSV´
,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWHU$LGHG'HVLJQ
6DQGHHSNVKDXNOD5DPHVK.DUUL6HWK&RSHQ *ROGVWHLQ)RUUHVW%UHZHU  ³3$1(/1DQR4XDQWXPDQG0ROHFXODU&RPSXWLQJ$UHZH
5HDG\IRUWKH9DOLGDWLRQDQG&KDOOHQJHV´,((( 
*DOL0DQVRRULDQG7D)DX]L6ROHODLPDQ ³1DQRWHFKQRORJ\$Q,QWURGXFWLRQIRUWKH6WDQGDUGV&RPPXQLW\´-RXUQDORI$670
,QWHUQDWLRQDO9RO1R3DSHU,'-$,
6HWK&RSHQ*ROGVWHLQ ³7KH,PSDFWRIWKH1DQRVFDOHRQ&RPSXWLQJV\VWHPV´,((( 
&L/HL'LQHVK3DPXQXZD6WHYHQ%DLOH\DQG&ROLQ/DPEHUW ³0ROHFXODU(OHFWURQLFV'HYLFHV0RGHOLQJIRUV\VWHP'HVLJQ,(((
,QWHUQDWLRQDO&RQIHUHQFHRQQDQRWHFKQRORJ\´ 
0DUN7%RKU  ³1DQRWHFKQRORJ\*RDOVDQG&KDOOHQJHVIRU(OHFWURQLFDSSOLFDWLRQV´,(((7UDQVDFWLRQVRQ1DQRWHFKQRORJ\9RO1R

<RQJTLDQJ;XH0DUN$5DWQHU  ³7KHRUHWLFDO3ULQFLSOHVRI6LQJOH0ROHFXOH(OHFWURQLFV$&KHPLFDODQG0HVRVFRSLF9LHZ´,(((
7UDQVDFWLRQVRQ1DQRWHFKQRORJ\9RO1R
-DPHV5+HDWKDQG0DUN$5DWQHU  ³0ROHFXODU(OHFWURQLFV´ 3K\VLFV7RGD\
3UDVKDQW 'DPOH 7LWDVK5DNVKLW 0DJQXV 3DXOVVRQ DQG 6XSUL\R'DWWD³&XUUHQW9ROWDJH &KDUDFWHULVWLFVRI 0ROHFXODU&RQGXFWRUV7ZR
9HUVXV7KUHH7HUPLQDO´,(((7UDQVDFWLRQVRQ1DQRWHFKQRORJ\9RO1R
$KPDG8PDLU7HKVHHQ=5D]DDQG+DVVDQ5D]D  ³0ROHFXODUPHPRU\ZLWKDWRPLFDOO\VPRRWKJUDSKHPHFRQWDFWV´1DQRVFDOH5HVHDUFK
OHWWHU 
*LEUDQDPSDUDQIHPDQGR5RMDVDQG$QWRQLRSHUH]*DUULGR  ³2QH ±TXELWTXDQWXPJDWHVLQDFLUFXODUJUDSKHPHTXDQWXPGRWJHQHWLF
DOJRULWKPDSSURDFK´ 6SULQJHU1DQRVFDOH5HVHDUFK/HWWHUV SS
0XQL]D=DKLGHWDOO ³'1$QDQRWHFKQRORJ\$IXWXUHSHUVSHFWLYH´1DQRVFDOH5HVHDUFK/HWWHUVSS
&=KRX ³$WRPLFDQGPROHFXODUZLUHV´ FRQGXFWDQFHVRI SRO\SKHQ\OHQLFPROHFXODUZLUHVWKDW DUHSUHVHQWHGLQ&KDSWHU
$$YLUDPDQG0$5DWQHU ³0ROHFXODUUHFWLILHUV´&KHP3K\V/HWWHUVYROSS±
$60DUWLQ-56DPEOHVDQG*-$VKZHOO  ³0ROHFXODUUHFWLILHU´3K\V5HY/HWWHUVYROSS±
